ABSTRACT
Introduction
Teamwork is important in a wide range of fields, such as business activities, research and sport. In many jobs production is carried out by groups of individuals who work in close collaboration. According to Bikfalvi et al. (2014) , in Europe six out of ten manufacturers with more than 20 employees have implemented teamwork in production. Teamwork is pervasive also in the US with about 52% of firms relying on this type of work incentives. Similarly, decision-making in organizations is increasingly performed by teams rather than by individuals (Woolley et al., 2010; Hamilton et al., 2003) .
Contract theory has shown that the use of pay schemes based on aggregate measures of performance, such as team output, generates free-riding behaviors that involve efficiency losses due to workers providing a level of effort that is a fraction of the optimal level. Thus, a crucial feature of successful organizations implementing team incentives is the ability to overcome free-riding by designing effective monitoring schemes (Alchian and Demsetz, 1972) , by using budget-breaking devices aimed at threatening potential free-riders (Holmström, 1982) or by establishing social norms that penalize opportunism (Corgnet et al., 2015; Kandel and Lazear, 1992) . These norms can be created through investments in corporate culture aimed at instilling a sense of belonging to a group of employees and at enhancing their preferences for cooperation. Peer pressure coming from various channels (desire to be liked or respected by teammates; sense of responsibility; fear of social punishment or feelings of altruism, guilt or shame) can also play an important role. The social cost of deviating from the norms of cooperation enters the utility function of the individual, causing him/her to temper opportunistic behavior. This social cost of undertaking opportunistic behavior might depend on the composition of the group (Towry, 2003; Reagans and Zuckerman, 2001; Spagnolo, 1999) and the presence of social ties among team members might increase it thus encouraging cooperation in the workplace (Babcock et al., 2015; Karlan, 2007; Balkundi and Harrison, 2006) . Compared to strangers, friends may be better able to motivate and monitor each other and make social punishment more costly. Thus, being in a socially connected team may attenuate free-riding behaviour. Also, friends may be more likely to work together and interact to share information and knowledge. Then an additional benefit of assigning friends to the same team is the enhancement of knowledge spillovers.
At the empirical level, the evidence on free-riding problems in teams is limited and with mixed results.
For instance, Encinosa, Gaynor and Rebitzer (2007) , Leibowitz and Tollison (1980) and van Dijk, Sonnemans and van Winden (2001) document free-riding behaviour, while Dohmen and Falk (2011) show no relevant differences compared to fixed pay and Hansen (1997) and Hamilton, Nickerson and Owan (2003) find a productivity increase (relative to individual incentives) despite the expected free-rider problem Since in real life situations individuals self-select in teams, it is difficult to disentangle the effect of social ties among team members on their performance with observational data. Then, with the aim of providing evidence on the causal relationship between social ties and team performance, we have conducted a field 3 experiment in which individuals -who have stronger incentives to perform well and are observed in a real life environment -are randomly assigned to a teammate who is a friend or, alternatively, to a teammate who is not socially connected. Our aim is to understand if social connections helps in reducing free-riding and/or increasing knowledge sharing.
Our experiment has involved students enrolled at an economic course in an Italian University. They were offered the possibility to join the experiment consisting in an alternative examination structure, composed by an intermediate test based partially on team performance.
A total of 260 students joined the experiment out of 274 students enrolled at the course. Participating students were firstly asked to name five friends among the students attending the same course and subsequently were randomly assigned to a treatment group with teams composed by two friends and a control group with teams composed by two students not linked by friendship relationships. Thus, the friendship relationships we exploit in the experiment represent pre-existing ties among students rather than ties originating from team interactions. Since the course considered is taught during the third year of university, students have known each other for almost three years when the experiment took place.
The composition of the teams and the parts of the program evaluated on the basis of individual and team performance (also randomly allocated) were communicated to students during the first week of teaching classes.
In this way, teammates had time to work together and had all the necessary information to decide how to allocate their studying effort. The intermediate test, to sit right after the first half of the course, was composed by two parts: one evaluated on the basis of individual performance and the other based on team performance. A final test was scheduled at the end of the course and was totally based on individual performance.
Our experimental design allows us to investigate whether social ties help to reduce free-riding and create positive spillovers among teammates. If social ties are relevant exclusively to attenuate free-riding problems, we should find a positive effect on students' performance in team and no effect on the individual part. Furthermore, if social ties also induce positive knowledge spillovers, since friends are more likely to work together and to share their knowledge, the effect of positive spillovers should spread across the two components of the test. Then, students belonging to a socially connected team should perform better than students belonging to teams without social ties also in the part of the test evaluated on the basis of individual performance. If both channels are relevant, the effect of social ties on team performance should be higher than the effect produced on individual performance.
We find a positive and statistically significant effect of being part of a socially connected team on team performance: treated students obtain a grade of about 1 point higher than the grade obtained by control students (which represents an increase of about 18-20% in performance). In addition, we find a positive and statistically significant effect on the individual performance (about 0.7 points, corresponding to 11%). However, the magnitude of the effect is smaller compared to the effect on the team part. This evidence suggests that social ties are relevant both for solving free-riding problems and for enhancing positive spillovers among teammates. 4 Furthermore, we show that the positive effect of friendship persists over time: treated students obtain better grades also in a second individual test after the conclusion of the experiment.
We also study the consequences of ability heterogeneity among teammates and find some (weak) evidence that individuals without social ties tend to provide less effort when their own level of ability is different from their mate's ability, while the effort of socially connected individuals does not depend on their mate's abilities.
Our paper is related to the literature investigating the role of friendship among teammates and the optimal composition of teams. Hamilton, Nickerson, and Owan (2003) show that individuals might prefer to form teams with friends to enjoy the nonpecuniary benefits of working with them, while Bandiera, Barankay, and Rasul (2005) emphasize the opportunity given by friendship to reduce free-riding and enhance cooperation. Babcock et al. (2015) show that team incentives can outperform individual incentives in fostering students' attendance at a study hall in the library when being assigned to a known partner. An anonymous partner produces virtually the same effect of individual incentives, suggesting that knowledge of the partner plays an important role. They also find a smaller but similar effect in gym attendance. On the other hand, Bandiera, Barankay, and Rasul (2013) shows that when incentives are stronger, because of team rankings or team tournaments, individuals are more likely to form teams with people with the same level of ability instead of choosing friends.
The paper is organized as follows. In Section 2 we describe our experimental design and in Section 3 we present the data. In Section 4 we carry out our main empirical analysis that investigates students' performance in the team part of the test. Section 5 analyzes students' performance at the individual part of the test and in the final test. Section 6 studies the effects of the heterogeneity of abilities within each team. Section 7 concludes.
Experimental Design
To investigate the effects of social ties on team performance, we ran a field experiment involving students enrolled in the academic year 2014-2015 at the course of Personnel Economics, offered by the First Level Degree Course in Business and Administration at the University of Calabria.
1 The course was taught to students during the second semester (teaching period from February to May).
In the first lecture of the course, in alternative to the standard exam -consisting of a single test on the whole program to be taken at the end of the course and evaluated on the basis of student's individual Students were given 5 days to choose whether to sit the exam under the standard exam scheme or to join the experiment. However, as required by the university administration for ethical reasons, they were made aware that, even if joining the experiment, they were free to leave it at any time (also after having taken the intermediate test) and to sit the standard exam, which was scheduled the same day as the final test.
We asked students to join the experiment by answering to an on-line survey asking some questions on their network of friends, some psychological attitudes and their family background. In particular, we asked each student to name a maximum of five friends among students attending the course. Since the course considered is taught during the third year of university enrolment, students have known each other for almost three years at the moment of the experiment.
A total of 260 students joined the experiment and only 14 students among those enrolled to the course did not join.
Using the names of friends provided by each student we created a list of potential couples with mutual correspondence, that is, we considered only couples where student i named student j as a friend and, at the same time, the latter named the former as a friend.
We formed 678 mutual couples and assigned a random number u to each couple. Then we sorted couples on the basis of u and assigned the treatment status to the students in the first 65 couples, that is, 130 students (we skipped couples where one of the students was already assigned previously). The remaining 130 students 6 represent the control group: they were assigned randomly to 65 teams of two students on the basis of their High School Grade.
Since some parts of the course program might be more difficult than others, we divided the program in three sections (A, B, C) and randomly assigned section A to the individual part and section B to the team part for 50% of the teams, and assigned section B to the individual part and section A to the team part for the remaining 50%. Section C was assigned always to the individual part.
Students were promptly informed of the team composition and the parts of the course program assigned to teamwork and to individual work.
3 Both treated and control students attended the lectures in the same room, at the same time and with the same instructor and teaching material. After four weeks of teaching classes students undertook the intermediate test.
All students took the test with the same questions and at the same time. Tests were marked and students were informed about the mark obtained: teaching assistants marking the tests had no information on whether students were assigned to the treatment or the control group.
At the end of the course, students completed the exam undertaking the second part of the test or, alternatively, took the standard exam. In both these tests, students were evaluated exclusively on the basis of their individual performance.
Data, Descriptive Statistics and Balance Checks
We started with a sample of 260 students joining the experiment: 130 of them were "treated" and assigned to "socially connected teams" and the remaining 130 were in the control group and assigned to "no socially connected teams". The dummy variable Socially Connected Team identifies the treatment.
Descriptive statistics are reported in Table 1 . About 56% of students joining the experiment are females.
Students are on average about 22 years old. High School Grade (ranging from 60 to 100) is on average about 85.
58% of students joining the experiment have studied in a Lyceum. On average, students expect to obtain a grade of 25.5 at the exam. Average parents' years of education is 11.7. 83% and 48% of fathers and mothers, respectively, are employed. Almost 50% of students come from the same province of the University.
As measures of social interactions, which could be correlated to some kind of abilities, for each student we calculated the number of friends named in our Survey (# Friends), the number of times other students named him/her (#Received Nominations) and the number of mutual couples formed (# Mutual Couples). The average number of friends named by students was 4.68 (the vast majority named the maximum of 5), students received on average 4.02 nominations, and each of them was part of 2.67 mutual couples. As regards the gender composition of the teams, 41% were composed by two females, 29% by two males and the remaining were 7 mixed couples.
Students were allowed to change their mind and switch back to the standard exam. The grade obtained at the team part was on average 5.67 (ranging from 0 to 10) while the grade obtained at the individual part was 6.17 (we rescaled the grade at the individual part by dividing it by two to make it comparable with the grade of the team part). In Table 2 we report mean values separately by treatment groups, both for the sample of students joining the experiment (columns 1 and 2) and for those actually showing up at the intermediate test (columns 5 and 6) to verify that students are successfully randomized both ex-ante and ex-post. Indeed, since we could not force students joining the experiment to effectively show up at the intermediate test, it could be that they self-selected in relation to their assigned teammate.
Differences in means between treatment and control are presented in column 3 (Standard Errors in column 4) for the sample of students joining the experiment and in column 7 (Standard Errors in column 8) for the sample of students effectively taking the exam. Results show that the randomization was successful in creating comparable treatment and control groups with regard to the observable characteristics: there are no significant differences between the treatment statuses in terms of students' gender, age, high school grade and 8 type of high school attended both when we consider the sample of students joining the experiment and when looking at the subsample of students actually showing up at the intermediate test. Only the difference in the number of friends (about 0.2) between treated and control groups turns out to be statistically significant, while the differences in the number of received nominations and in the number of mutual couples formed are not different from zero.
Since students tend to name friends of their same gender, the percentage of teams with two males or two females is significantly higher in the group of "socially connected teams" than in the "no socially connected teams" group. The opposite is true for mixed gender teams. Treated couples tend to be prevailingly single-sex:
46% of treated couples are with two females (compared to 37% in the control group) and 38% are with two males (compared to 20% in the control group). To avoid any possible bias, we take this aspect into consideration by controlling for the gender composition of the couples in our estimates. In the Appendix (Table A1) , we show that the decision to take the intermediate test is not affected by the assigned treatment group although it is affected by individual characteristics (females and lower ability students are more likely to not show up). 
Do Social Connections Help to Overcome Free-riding? Students' Performance at Teamwork
The literature on teamwork and incentives shows that evaluating and compensating individuals on the basis of team performance leads to free-riding, namely members of the team do not contribute or contribute less to team output and enjoy their share of teammates' performance. As shown in the Appendix (Table A2) we also find that students perform significantly worse when engaged in team work with respect to individual work. However, social ties may contribute to the attenuation of free-riding issues because friends may be better able than strangers to motivate and monitor each other and increase the social cost of deviating from cooperation.
Teamwork has also positive spillovers if teammates help each other and each teammate shares his/her knowledge with the group. Social ties may enhance positive spillovers if friends are more likely to work together in a cooperative environment and to share their knowledge.
If social ties are indeed beneficial to reduce free-riding and to generate positive spillovers, then in our setting the performance of treated students (linked by mutual friendship) in the team part should be better than the performance of control students.
To provide evidence on these effects we estimate the following linear regression model: We have also performed separate regressions for males and females: although females seem to benefit slightly more from social connections (1.31 vs. 1.15) we do not find significant gender differences in response to treatment (results not reported).
We have also tested the role played by a number of non-cognitive abilities, such as risk and intertemporal preferences and an indicator of procrastination, which we measure using students' answers to 11 specific questions included in the on-line survey and aimed at capturing these psychological traits. These controls are far from being statistically significant and do not affect our main results (estimates not reported). In Table 4 we investigate if students' "social popularity" affects their performance and if the treatment effect is robust with respect to these controls, since the treatment could be correlated to the number of friends and social relationships. In the first column we estimate the same specification as in column 5 of Table 3 adding controls for the number of friends reported in our Survey, the number of received nominations and the number of mutual couples formed. None of these variables turns out to be significant while the impact of our treatment 12 variable (and its statistical significance) is almost unchanged (+1.1). In columns 2-4 we control in turn for each of these variables separately, to avoid multicollinearity problems, since they are highly correlated. In all the specifications we do not find that these variables affect performance while we confirm that socially connected teams perform significantly better. Very similar results are found also when we estimate a Tobit model, which takes into account the fact that grades are left censored at 0 and right censored at 10. In Table 5 we replicate the first 5 specifications of Table 3 and in column 6 we estimate the specification in column 1 of Table 4 : marginal effects of Tobit estimates turn out to be slightly larger than the OLS estimates. The Italian University system allows students to sit the same exam as many times as they want without limits and without paying extra fees for further attempts. This induces some students, typically low ability students, to initially try to pass the exam providing low effort in studying. Being matched with a friend is not relevant or has a very small impact for these students as they would obtain a very low overall grade anyway (even with a fully cooperative mate). Thus, our total effect of social ties may be diluted by the presence of these students. To examine this aspect, in Table 6 we restrict the sample to students who have obtained at least a grade of 4 (out of 10) at the individual part of the exam (students who did not reach this threshold are likely to be 13 students who just make an attempt to pass the exam). We replicate the same specifications reported in Table 3 on a sample of 155 students. Excluding "less motivated" students, the positive effect of social ties on team performance raises, ranging from 1.12 to 1.52. All in all our estimates show that social ties improve students' performance in the team part of the test.
The positive effect could be the result of either attenuated free-riding problems or positive spillovers among teammates or a combination of both. In the next section, by focusing on students' performance at the individual part, we are able to understand if positive spillovers are actually enhanced by mutual friendship.
Socially Connected Teams and Individual Performance
Our experimental design does not allow us to understand whether students have effectively worked in teams, thus we are not able to distinguish how much of the total effect of social ties on team performance comes from free-riding attenuation or from positive spillovers due to teammates studying together and interacting in preparing the test. However, while free-riding is possible only for team performance, the effect of positive spillovers spreads across the two components of the test because a better understanding of any part of the course program improves the understanding of the other parts. Thus, if social ties enhance positive spillovers among teammates, socially connected teams should perform better than no socially connected teams also in the individual part of the test.
To shed light on this aspect, we consider as dependent variable the score students obtain at the individual part of the test, and estimate the same specifications reported in Table 3 . Results are reported in Table 7 . In the first two specifications, in which we do not include controls for students' ability, we find a positive but not statistically significant effect of being part of a socially connected team (t-stat=1.34). However, when we include among regressors our controls for individual abilities and family background (columns 3 and 4), we find that students coupled with one of their friends perform significantly better than control students also at the individual part of the test (+0. 807, t-stat=2.16 ). In columns (5) and (6) we add controls for the gender composition of teams and controls for students' social popularity and the treatment effect remains almost unchanged in magnitude and 14 statistical significance.
Overall, the effect of working in a socially connected team on students' performance in the individual part ranges from 0.70 to 0.80 (on a mean of 6.17 it implies an increase in individual performance of 11-13%). As expected, the estimated effect of social ties on individual performance tends to be lower than the effect on team performance, being absent the component of the effect due to the reduction in free-riding behavior and since students are not supposed to study together the individual part. Grade at the individual part. Standard errors (corrected for heteroskedasticity and allowed for clustering at the team level) are reported in parentheses. The symbols ***, **, * indicate that the coefficients are statistically significant at the 1, 5 and 10 percent level, respectively. Furthermore, we have run the same estimates as in Table 7 by considering as dependent variable the 15 overall grade obtained by students at the intermediate test: controlling for individual ability, being assigned to a socially connected team increases the overall grade by about 14-16% (see Appendix, Table A3 ).
The positive effect of social ties coming from interactions in learning activities among team members may persist also when students are not required to perform in team anymore. This may happen because they realize that working together is beneficial and continue to interact in studying activities or because the knowledge acquired through interactions with mates when preparing the intermediate test is useful also for studying the remaining part of the course program. To investigate this aspect we consider students' performance at the final test (covering the second part of the course program), although it was an individual test and was undertaken when our experiment was concluded. 173 students showed up at the final test, 88 belonging to the "socially connected team" group and 85 to the "no socially connected team" group.
As shown in Table 8 , in which we replicate specifications of Table 3 , the spillover effects of socially connected teams outlast the intermediate test: the assignment to a Socially Connected Team at the intermediate test affects students' performance also at the second test (ranging from 0.57 to 0.87) when they are evaluated exclusively on the basis of individual performance. The effect is generally statistically significant but smaller in magnitude compared to that found for performance at the intermediate test. heteroskedasticity and allowed for clustering at the team level) are reported in parentheses. The symbols ***, **, * indicate that the coefficients are statistically significant at the 1, 5 and 10 percent level, respectively.
Ability Heterogeneity among Teammates and Performance
As discussed by a number of recent papers on the topic, team performance might be affected by the composition of the team. In previous estimates we have already investigated the effects produced by the gender composition of teams. Another relevant dimension to investigate is team heterogeneity in terms of ability. According to Prat (2002) when the inputs provided by team members are complementary it is efficient to have team members of similar ability. On the other hand, if abler workers can impose high team production norms, and/or enable learning by less able members, heterogeneous teams can be efficient (Hamilton et al., 2003) . Low ability workers might take high ability workers as role models and work harder when in team with them. It could also be that team heterogeneity in ability affects free-riding problems and the possibility to solve them through social pressure mechanisms. 16 Students' decision about the amount of effort to exert in studying the team part of the test may depend on their mate's ability. Students paired with less able mates might either decide to devote less effort in studying the part of the course program evaluated on the basis of team performance as they anticipate a poor performance from their mates, or might want to help their less able mates and decide to exert more effort in order to compensate for the poor results that their mates might obtain. Similarly, students paired with abler mates might either increase their studying effort to reciprocate the good performance expected from their mates or decide to free-ride. This is true both for treated and control students but treated students might react differently as they are supposed to care more for their mates.
Using our measures of individual ability High School Grade and Expected Grade we have undertaken a principal component analysis to obtain a comprehensive measure of individual ability (only the first component was considered), which we call Ability. To investigate how the heterogeneity in team members' ability affects team performance we have built the variable Difference_Ability computed as the difference between a student's own ability and his/her mate's Ability. As students might react asymmetrically when they are less or more able than their mate, we have created two variables: the first one Difference_Ability_Pos is equal to Difference_Ability when Difference_Ability>=0 and 0 otherwise, while the other, Difference_Ability_Neg, is equal to the absolute value of Difference_Ability when Difference_Ability<0 and 0 otherwise.
We have run separate regressions for treated and control students. As shown in columns 1 and 2, with a small set of control variables, students in no socially connected teams tend to provide less effort when their own level of ability is higher than that of their mate, while the effort of socially connected individuals does not depend on their mate's abilities. Similar results are found when we include among regressors a larger set of controls, but for control students the negative effect of being matched with less able peers becomes statistically insignificant. 
Concluding Remarks
Teams and teamwork have been long used by firms, organizations and institutions. Although implemented to improve performance by allowing for knowledge spillovers between teammates, pay schemes based on aggregate measures of performance, such as team output, generate free-riding behaviors that involve efficiency 18 losses due to subjects exerting less effort than with individual incentives.
Thus, organizations willing to implement team incentives resort to different tools in order to attenuate the downside of free-riding, such as monitoring schemes, budget-breaking devices aimed at threatening potential free-riders or social norms that penalize opportunism. In this paper, we suggest that the choice of the team composition may be important too. In particular, assigning friends to the same team may be beneficial for the organization because friends may be better able than strangers to motivate and monitor each other and increase the social cost of deviating from cooperation; furthermore, friends are more likely to actually work together and interact to share information and knowledge.
With the aim of providing evidence on the causal relationship between social ties and team performance, not affected by self-selection issues, we have conducted a field experiment with university students engaged in studying activities for a college course, allowing us to observe individuals in a real life environment in which they have strong incentives to perform well. Our experimental design allows us to compare the performance of teams composed by friends with the performance of teams composed by individuals not linked by friendship relationships, both when performance is evaluated on the basis of the team output and when performance is evaluated on the basis of individual effort. The effects are quite large in magnitude: an increase of about 20% in the team part and 11% in the individual part.
Since we could not force students to work with the assigned team members and they probably worked also with their traditional friends regardless of the team composition defined in the experiment, our estimates can be considered a sort of "intention-to-treat" effect, while the average treatment effect is presumably somewhat larger.
Our evidence suggests that social ties are relevant both for solving free-riding problems and for enhancing positive knowledge spillovers among teammates. Moreover, the positive effect of social ties coming from interactions in learning activities among team members persists also when students are not required to perform in teams anymore.
Our findings support the widespread practice of letting people self-select into teams instead of imposing the colleagues whom to work with and point to the importance of investing in employees' relationships, for example by organizing social dinners or sport activities outside the working hours.
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APPENDIX
Determinants of students' participation at the exam
In this appendix we analyze the determinants of students' decision to show up at the intermediate test. This will serve also as a further check aimed at reassuring that randomization was successful in the subsample of students effectively taking part in the intermediate test. Estimation results from a linear probability model are reported in Table A1 . We find that the decision to take the intermediate test is not affected by the assigned treatment group, instead males, students with higher High School Grade or with a higher expected grade are significantly more likely to effectively participate in the experiment by sitting the intermediate test. 
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Evaluating the Impact of Teamwork
To investigate the effect that being evaluated according to an equal sharing rule rather than a piece-rate rule produces on students' performance we stack the data at the exam level and consider two observations for each student pertaining to his/her performance at the team part and at the individual part of the test, respectively.
With this aim, we build the variable Grade, that takes the values of Grade Team Part for the performance 21 at the team part and Grade Individual Part for students' performance at the individual part of the test. We create also the dummy variable Team for the part carried out under team incentives. We estimate a model for Grade and this allows us to compare the performance of students under the two different evaluation rules. This is possible since we assigned randomly to students the parts of the program to study under individual and team work.
OLS estimates are reported in Table A2 . In these specifications Standard Errors are allowed for clustering at the individual level, since we have two observations for each student. In all the specifications we consider the Team dummy and we control for Section A in Team to take into account any possible difference in the difficulty of different program sections. In all the specifications we find that students perform significantly worse when engaged in team work with respect to individual work. 
22
Effects of Social Connections on the Overall Grade of the intermediate test
